We evaluated predictors of plasma concentrations of dichlorodiphenyldichloroethylene (DDE), a metabolite of dichlorodiphenyltrichloroethane (DDT), and polychlorinated biphenyls (PCBs) the Northeast and Midwest had higher levels of PCBs (mean. 5.6 ppb; p = 0.0002) as compared to women from other pats of the country (mean DDE -6.3; mean PCBs = 4.5 ppb).
http;f//ehpnetl..niehs.nih.gov/ldocs19991107p75-Sllad/abstract.html Concern about possible adverse health effects, including a possible role in the etiology of hormonal disease such as breast cancer, associated with exposure to dichlorodiphenyltrichloroethane (DDT), dichlorodiphenyldichloroethylene (DDE), and polychlorinated biphenyls (PCBs) has prompted research into the determinants of blood levels of these chemicals in the general population. DDT, an insecticide, was used for agricultural purposes, as well as in public health programs to eradicate malaria (1) . DDE is an environmental degradation product and the main metabolite of DDT. DDT was manufactured and used in the United States from 1945 until it was banned ini 1972 (2) due to its adverse affects on wildlife (3) . Mixtures of PCB congeners were used for many industrial purposes such as coolants and lubricants in transformers and capacitors; as plasticizers, surface coatings, adhesives, and inks; as immersion oils for microscopes; and for microencapsulation of dyes in carbonless duplicating paper (2) . PCBs were produced in the United States from 1929 until 1977. Since the 1940s, the entire U.S. population has been exposed to at least low levels of DDT, its related compounds, and PCBs (2, 4) . These compounds are stored in adipose tissue, the lipid components of blood, and breast milk. They are resistant to metabolism and have long half-lives; therefore, measurements in humans potentially represent cumulative exposures over many years (5, 6) . Although adipose levels in the general population have decreased (2, 7) , residues of these organochlorines are still detected in the majority of persons living in the United States (3) .
DDT, DDE, and PCBs are persistent lipophilic compounds and highly resistant to biodegradation in the environment. Even today, many years after manufacture in the United States ceased, they are ubiquitous in air, soil, water, and sediments, albeit at levels much lower than observed in earlier decades (5, 6, 8) . Continuing introduction of DDT and PCBs into the environment occurs in the United States through industrial accidents, improper disposal of old industrial products, and the import of foodstuffs from developing countries where DDT is still used. The primary source of exposure to the general population is through the food chain; these compounds are stored in the fat of fish and dairy and meat products (1, 5, 6, 8, 9) . Fish obtain organochlorines from the sediments of fresh water bodies; for example, high levels of DDT and PCBs have been repeatedly measured in fish caught in the Great Lakes (10, 11) . Dairy and beef cattle and poultry and eggs have been exposed to PCBs from animal feed stored in contaminated silos (12, 13) , as well as from DDT and PCBs in the general environment. Residues of these organochlorines have also been measured in fruits, vegetables, and grains (14) .
In this study we evaluated the predictors of plasma concentrations of DDE and PCBs in a group of U.S. women. We considered personal attributes such as age, dietary cholesterol, place of residence, body mass index, and lactation history, as well as extensive dietary intake information collected prior to blood sampling. We chose to evaluate levels of DDE as opposed to DDT because it is found in higher concentrations in blood (15) and is a better reflection of long-term exposure (16) .
Methods

Study Population
We studied 480 women who were induded in a case-control study of organochlorines and risk of breast cancer, nested in the Nurses' Health Study cohort (17 We obtained dietary information in 1986 with a semiquantitative food frequency questionnaire. We asked subjects to indicate how often, on the average, they consumed specified amounts of 136 food items. There were nine possible responses for each food item, ranging from never to six or more times per day. We also obtained frequency information on intake of 61 foods in 1980, and used these data to assess associations with diet further in the past, closer to the time when DDT and PCBs were still in use. Details of the results of validation studies of the food frequency questionnaire have been described elsewhere (15) .
Laboratory Analyses
The laboratory methods have been previously described in detail (20, 21) . Briefly, a polar extract of plasma lipids was further treated with a column chromatographic clean-up and enrichment step and then analyzed by gas chromatography with electron capture detection. All steps were scaled appropriately for 0.50-mi aliquot volumes. We previously demonstrated, using Nurses' Health Study specimens, that the precision with the use of this volume and an optimized analytic procedure is similar to that with previous procedures using 1-ml and 2-ml aliquots (22 (25) . The values of DDE and PCBs were log-normally distributed. Therefore, to account for the heteroskedasticity and nonnormality of the regression residuals, the asymptotic covariance matrix was used to calculate the robust variance (26) .
The reproducibility of the associations observed in the controls was tested in the cases ("validation" data set). The regression equations estimated from the control data set were used to predict the levels of the organochlorines for each individual in the validation data set, and these were compared to the observed values. The equations for DDE and PCBs that yielded the highest Spearman correlation coefficient between the predicted and observed levels were considered the best prediction equation for DDE The age-and cholesterol-adjusted means of DDE and PCBs for categories of region in 1986, parity, age at first birth, lactation, body mass index, and waist-to-hip ratio are presented in Table 1 . DDE levels of residents in the western states were significantly higher than those of other women (West: mean = 11.0; elsewhere: mean = 6.3; p = 0.003). Parity was unrelated to DDE, but the 17 women with late age at first birth (over age 30) had significantly higher levels of DDE, even after adjustment for parity and history of lactation. There was some indication that DDE levels decreased with duration of past lactation, but this trend was not significant. Also, among the 56 women who lactated for 6 months or more, there was no evidence of an inverse linear relationship; the 10 women who lactated more than 24 months had a mean concentration of 7.46 ppb, while the mean for the remaining 46 women was 6.11 ppb (p = 0.50). Mean DDE levels increased slightly with increasing quartiles of body mass index, but the test for trend was not statistically significant. In the multiple regression model controlling for age, cholesterol, residence in the West, body mass index, parity, and lactation, we found that age, cholesterol, and region remained statistically significant predictors for DDE (Table 2) . Lactation greater than 6 months was of borderline statistical significance. Validation of the various models showed that age and cholesterol were the most important predictors of DDE (Table 3 ). The addition of other variables, induding region, did not improve the predictive ability of the model.
The five women with the highest concentrations of DDE (identified as potential outliers) lived in California, and four out of the five had never breast-fed their infants. Removal of these observations did not materially alter the results from those presented above, although the estimates for region and lactation were attenuated.
PCB concentrations were statistically significantly associated only with region of residence and parity ( Table 5 (as well as  in Tables 4 and 6 ) the models obtained with the collapsed values because they used all of the available data and were less dependent on extreme points that might be inconsistent with the majority of the data. Although the fit of the model improved with additional parameters and the coefficients for all individual food parameters were significant at p<0.05, the predictive ability of the model, as measured by the validation data set, actually decreased with the inclusion of the food variables.
As a further test of the relationship between the diet information collected by the food frequency questionnaire and the levels of DDE measured in the plasma samples, we calculated the Spearman correlation coefficient comparing the measured levels, adjusted for age and cholesterol, with the average daily dietary exposure to DDE estimated from the FDA Total Diet Study 1986-1991 and the 1990 food frequency questionnaire. These two values were not correlated (r = 0.03, p = 0.66).
Eggs and fish were statistically significant predictors for PCB levels, controlling for age, cholesterol, and residence in the Northeast or Midwest (Table 4 ). The fish group induded variables for dark-meat fish (e.g., mackerel, salmon, sardines, bluefish, and swordfish), other fish, canned tuna, and shellfish. The coefficient for dark-meat fish was 8.6 (p = 0.003) and the coefficient for shellfish was -8.4 (p = 0.01); the coefficients for other fish and canned tuna were not statistically significant. The log-likelihood ratio test for the four variables of the fish group incorporated the Volume 107, Number t, January 1999 * Environmental Health Perspectives regardless of the number of children and age at first birth, compared to nulliparous women (p = 0.001). There was no relationship of PCBs with lactation, body mass index, or waist-hip ratio. Adjusting for all variables in a multivariate model confirmed these observations (Table 2) . Age, cholesterol, and region were the only important predictors in the validation analysis (Table 3) . As with DDE, the two women identified as potential outliers for PCB levels resided in the high risk region, in positive coefficient for dark-meat fish as well as the negative coefficient for shellfish.
Because the PCB concentration in locally caught fish and locally grown eggs could vary by region, we explored fish and egg intake in regression analyses stratified by region. Eggs and fish (defined either as darkmeat fish only, other fish, or a combined score of both types) were positive predictors of PCB levels for residents of the Northeast and Midwest (Table 6 ) but not for residents of the West and South. In congener-specific analyses, all four main congeners were positively associated with the summary variable for fish consumption. The regression coefficient was statistically significant for congeners 118 (p = 0.02), 138 (p = 0.02), and 153 (p = 0.01), but not for 180 (p = 0.18).
As with DDE, the addition of food parameters to the model did not improve its predictive ability in the validation data set (Table 5) .
Removing the potential outliers of DDE and PCBs did not substantially alter the above results. We also repeated these analyses using the diet information collected in 1980, and we did not observe the positive relationships with foods expected to contain higher levels of organochlorines.
Discussion
The objective of this study was to identify the predictors of plasma levels of DDE and PCBs in a group of U.S. women. We found that levels of DDE (2, 15, 30, 31) . This phenomenon is probably a function both of age itself and of a birth cohort effect. Older women had a greater opportunity for high level exposures to these compounds because they were alive longer during the period when DDT and PCBs were manufactured and used in the United States. In addition, they have had a longer time to accumulate the metabolites of these compounds in their body. It has also been suggested that metabolism of these compounds might slow down with age (9) . DDE and PCBs are stored in adipose tissue and in the lipid component of blood plasma. It is common practice in the published literature to adjust the plasma concentration of DDE and PCBs by total cholesterol and triglycerides and present the information as a component of lipid (32, 33) . Because total blood lipids were not available to us, we adjusted for total cholesterol in the regression equations. As expected, total cholesterol levels were positively associated with levels of DDE and PCBs (31) . (36) , and a study in Long Island, New York, found a correlation of body mass index with DDE in both media (30) . We did not observe any statistically significant associations with our plasma specimens and body mass index; however, there was a suggestion of a positive association with DDE.
Lactation is the primary means of excretion of DDE and PCBs. In a study of concentrations of these compounds in breast milk, levels were highest in the first lactation period and declined both with time spent breast-feeding and with number of children nursed (37) . In our study, we did not observe a significant association of DDE and PCBs with duration of lactation although there was a suggestion of an inverse relation with DDE. Parous women had statistically significant elevated levels of PCBs as compared to nulliparous women. In this study population, only 10 women lactated for a total of over 24 months, and most of the women would have lactated at least 10 years prior to blood draw. It is possible that we did not detect decreases in DDE or PCBs due to either the short durations of lactation or because these women lactated too far in the past; organochlorine exposure subsequent to lactation may have reduced the influence of lactation on plasma organochlorine levels in this age group.
The general population of the United States and other developed countries was thought to be exposed to both DDE and PCBs predominantly through residues in foods. Dairy products, meat, fish, poultry, and eggs have been hypothesized to represent the primary contribution of DDT and DDE to the U.S. diet. These residues have also been measured at much lower levels in vegetables, grains, and cereals (14, 38) .
A recent study in a German population of men and women 65-74 years of age measured plasma organochlorine levels and consumption of 32 food groups using a 7-day diet questionnaire administered concurrent to blood draw. They observed only modest, although statistically significant, positive correlations between consumption of beef and lamb and DDT (r = 0.18) and PCBs (r = 0.13) and between saltwater fish and PCBs (r= 0.12) (35 (43) found that tomatoes grown in a PCB-contaminated area had elevated levels of PCBs. Our inability to discriminate between foods that had the opportunity to be contaminated and those that did not may have diluted the predictive value of the contaminated foods.
It is also possible that the food frequency questionnaire in general was not a sufficient instrument for predicting plasma levels of contaminants. However, previous studies using this instrument (44) , and the food frequency questionnaire predicted levels of P-carotene and cz-tocopherol in plasma (45) and relative levels of polyunsaturated and trans fatty acids in adipose tissue (46) . There are few published studies comparing food intake directly with plasma levels of DDE and PCBs, with the exception of the evaluation of contaminated fish intake. The actual levels and/or the bioavailability of DDE and PCBs in other foods might be too low to be directly detected in plasma.
An additional limitation of this study is the relatively small sample size. We only had DDE and PCB measurements available for 238 
